Secondary xylem (wood) fulfills many of the functions required for tree survival, such as transport of water and nutrients, storage of water and assimilates, and mechanical support. The evolutionary process has optimized tree structure to maximize survival of the species, but has not necessarily optimized the wood properties needed for lumber. Under the impact of global warming, knowledge about structure-function relationships in tree trunks will become more and more important in order to prognosticate survival prospects of a species, individuals or provenances. Increasing our knowledge on functional wood anatomy can also provide valuable input for the development of reliable, fast, and at best quasi-non-destructive (e.g. wood coring of mature trunks) indirect screening techniques for drought susceptibility of woody species. This review gives an interdisciplinary update of our present knowledge on hydraulic and biomechanical determinants of wood structure within and among trunks of Norway spruce (Picea abies (L.) Karst.), which is one of Europe's economically most important forest tree species. It summarizes what we know so far on 1) withinring variability of hydraulic and mechanical properties, 2) structure-function relationships in mature wood, 3) mechanical and hydraulic demands and their tradeoffs along tree trunks, and 4) the quite complex wood structure of the young trunk associated with mechanical demands of a small tree. Due to its interdisciplinary nature this review is addressed to physiologists, foresters, tree breeders and wood technologists.
INtrODUctION
Global change is expected to increase the frequency of extreme weather and climate events such as heat waves, drought periods and storms (Schär et al. 2004; Salinger 2005; IPCC 2012; Semenov 2012) . As a consequence, plant productivity and growth will be affected in many regions (ciais et al. 2005; Bréda et al. 2006; reich & Oleksyn 2008; Kullman & Öberg 2009; choat et al. 2012; Williams et al. 2012 ). Continued refinement and extension of models linking between plant hydraulics, mechanics and ecosystem functioning will help to gain information on broader patterns in productivity that are related to plant water use (Geßler et al. 2007; McDowell et al. 2008; Sperry et al. 2008; Meinzer et al. 2009 Meinzer et al. , 2010 Barnard et al. 2011) . this knowledge can be applied to prognosticate survival prospects of woody species (Pockman & Sperry 2000; Maherali et al. 2004; Hukin et al. 2005; Dalla-Salda et al. 2009 , 2011 choat et al. 2012 ), or to screen for less drought-sensitive clones (Rozenberg et al. 2002; Monclus et al. 2005; cochard et al. 2007; rosner et al. 2007 rosner et al. , 2008 rosner et al. ), or provenances (Peuke et al. 2002 Kapeller et al. 2012) . Screening for hydraulic and mechanical performance demands, however, easily applicable methods. Increasing our knowledge on structure-function relationships in trunkwood can provide valuable input for the search on reliable, fast, and at best quasi-non-destructive (e.g. wood coring of mature trunks) methodologies for indirect assessment of wood biological functions. This review gives an overview on our present knowledge on structure-function relationships in the trunkwood of Norway spruce (Picea abies (L.) Karst.), which is one of central and northern Europe's economically most important forest tree species (Bergh et al. 2005) . Norway spruce can be found up to the alpine timberline (Mayr et al. 2002 (Mayr et al. , 2003 as well as in the far north (tollefsrud et al. 2008) . Problems associated with weak adaptation of Norway spruce to environmental conditions in lowland regions, such as top dieback, damage due to wind and snow loads and subsequent bark beetle mass outbreaks which are favoured by drought stress of the host trees frequently cause enormous economic losses Interdisciplinary research on structure-function relationships within conifer trunks started in the late 90-ties when Mencuccini et al. (1997) published their work on biomechanical and hydraulic determinants of tree structure in Scots pine (Pinus sylvestris L.). Experimental studies on structure-function relationships within conifer trunks are, however, still quite scarce and much more literature exists on pine species than on spruce species (Lachenbruch et al. 2011) . The most entirely investigated conifer species are Douglas fir (Pseudotsuga menziesii (Mirb.) Franco) (e.g. Domec & Gartner 2001; Spicer & Gartner 2001; Domec & Gartner 2002a , 2002b Dunham et al. 2007; Domec et al. 2009 ) and Ponderosa pine (Pinus ponderosa Dougl. ex Laws.) (e.g. Bouffier et al. 2003; Domec & Gartner 2003; Domec et al. 2005; Domec et al. 2009; Barnard et al. 2011 ). Jagels et al. (2003 and Jagels and Visscher (2006) provided us also insights into the quite unique structure-function relationships within the main trunk of Metasequoia (M. glyptostroboides Hu et cheng). Mayr et al. (2002) were the first to relate hydraulic performance in Norway spruce leader shoots to wood structure and discussed the results upon mechanical demands before rosner and colleagues published their work series on biomechanical and hydraulic optimization within and among Norway spruce trunks (rosner et al. 2006 , 2007 , 2008 , 2009 , 2010 rosner & Karlsson 2011; rosner et al. 2012) .
The dataset developed during the past years on structure-function relationships in Norway spruce trunkwood is quite unique; Norway spruce was used e.g. as a model species to develop new analysis methods to assess hydraulic vulnerability and interdisciplinary research combining wood anatomy, wood physiology and wood technology was helpful to get a broader view of structure-function relationships within the tree trunk. The aim of this review is to give an update of our present knowledge on hydraulic
